
LJ 

0 
0 
0 
0 
[] 

I. 

; 1 

MARINE RESEARCH 
BUREAU OF COMMERCIAL FISHERIES 

OCEAN CIRCULATI ON I N THE VICINITY OF THE ALEUTIAN ISLANDS, 

1957 

by Richard J. Callavray 

BIOLOGICAL LABORATORY SEATTLE, WASHINGTON 



1 
l 
l 
l 
l 
l 
l 
l 
j 

] 

J 

J 

J 
1 

J 
r l 

October 10, l:J60 

OCEAt; CIRCULATION IN THE VICIN1.TY OF 'i'HE ALEUTIAN ISIANDS, 19.57 

by 

Richard J. C~llauay 

Oceanographer 

Bureau of Commercial Fishe~ee 
Biological Laborator.y 
Sflatt.le, Washington 

(. 



0 
l 

] 

l 
J 

J 
J 
l 

CONT»JTS 

Introduction • • ~ • • • • • • • • • • • • • • • • • e • • • 

Description of the region • • • 0 • • • • • • • • 0 

Tidal currents • • • . ~ . . . . 
Weather •• . . • • • . . . 0 • 0 . . . . . • • • • • tt 

EYapomtion 0 • • • • • • • • • • • • • • • • • • • • .. 

Dilution •• ,. • • • • • 0 • • • • . . . • • e • • • • ~ 

Reports utilizing 19S7 dat&l 0 • • • • • • • 0 • • • • ~ 

Selection or time period •••• • • • • • • . . . . . . . . 
Averaging ot data • • <II ~ c • . . . . • • • • . . . . . 

Sources of data o • • 

c~nta ~ ~ • , . • 
Oeopotential heights 

o•• oooooooo4>••• 

• • • • Q • • • • • • • • • • 

• • • • 0 • • • 

• • • 0 

• • • • . . . . 
Laterial distribution of sigm.a ... t • • • 0 • • • • . • . . . . . 
Horizont-al dist.ributio:'l of temperature ••••• 0 • 

Horl&ontal distribution of a&l:i.ni ty " . • 0 • • • • 0 . . . . 

2 

3 

3 

4 

r• :.> 

6 

7 ., 
10 

12 

Vertical distribution of sigm8Rt ••• o •••••••• o • 17 

· Vertical dietrihution of salinity . .. . ... 19 

Bathyther.mogra~1 sections • . . . . . . .. . . . . • C' • • . . 19 

• 0 • • ooeoo o•••••••o•••••••• 22 

Ackn~ledgmenta "' • • • .. • '"' • • • • • • • • • • • • 0 • • 2
., 
·' 

Liter4T.ure cited ... . .......... ., . .," ...... . 



] 

n 
~ 

J 
n 
l 

1 

] 

J 

~ 

J 

J 
·~ 

J 

J 
l 

TABLES 

l. Sources of data 

FIGURES 

1.. Chart of the Aleutin I slands area 

2. Station positions 

3. Time series of temperature and salinity 

4""6. Temperature-salinity diagrams 

7. Geopotential topography 0/300 db 

8. Geopotential anomaly of isobaric surfaces, 175~. longitude 

9. Geopotential anomaly of isobaric surfaces, 1790W. longitude 

10. Geopotential anomaly of isobaric surfaces, 17$0W. longitude 

11. Depth of 26.0 sigma-t surface 

12. Salinity on 26.0 si.gln.aco>t surface 

13. Depth of the 26.5 sig~t surface 

14. salinity on the 26.5 sigma-t surface 

15. Depth of the 27.0 sigma-t surface 

16--19. Horizontal sections of temperature 

20-24. Horizontal sections of salinity 

25•29. .Vertical sections of sigma=t 

30=34. Vertical sections of salinity 

35-55. Bathythennogra}il sections 



J 

n 
n 
n 
n 
l 
l 
l 
J 

J 

0 
J 

] 

j 

J 
J 

u 
l 

ABSTRACT 

Data collected by Canadian, Japanese and United States vessels 

during the summer of 1957 are utili~ed to describe the physical oceanography 

of the Aleutian Ialanda region. 

A brief review of the bottan topography', tidal currents and 

climatology of the region ia given. 

Vertical and lateral sections of temperature, salinity and 

sigma=t are shown and their significance diecuaaed. 
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OCEAN CIRCULA,?IOO IN THE VICINITY OF THE ALEUTIAN ISLANDS, 1957 

b;y 

Richard J. Callaway 
Oceanographer 

Bureau of Commercial Fisheries 
Biological Laborator.r 

INTROD'OOTION 

As part uf the International North Pacific Fi.,heries Commission 

(INPFC) program of research on the high-seas distributio:l and abundance 

of salmon, the Burehu of COJ!Jilercial Fisheries initiated, in 1955, the 

collection of ocean~graphic data in the Bering Sea - North Pacific regiono 

Since thnt time, spring and summer surveys have been Jl'ltlde each 

;vvaro T'ae 1955, 19~:6 cruises were conducted b;y the University of Washington 

under contract to the Bureau. The data reports for those ;years have been 

compiled by Favorit~ and Lave (1957), and Love (1957, 1959). 

Since 19.57 the data have been collected and pr ocessed by tJSFWS 

personnel (Favorite and Pedersen, 1959a.r b.) This report is based o~ the 

oceanographic cruisfls of CL\nadian, Japanese, and United states vessels 

during the period Jnly 19-August 31, 1957. Moat of the measurements were 

made from the USFWS vessels ~' Paragon, and Pioneer. 

Dissolved oxygen and inorganic phosphate meas'lJrEmenta were l!!&de 

by some of the vessels; hcmever, the observations vere too few to permit 

sepArate analywis or these parameters. 



J 
l 
~ 

J 
l 

J 

J 

J 

J 

J 
1 

2 

Description of the Region 

The tel'U •region" or "area• encampua 45° • 56<>tl. latitude, 

1500W. - 17$~. longitude. The terma •Aleutian Islands" and "Aleutian 

Chain" are aed to include the arc of ialanda trom unimak to Attu. "Aleutian 

ridge" refers to the submerged aections between the islands. In citing 

poei ti one the tel'lllS 11lati tude" and "longitude" 11111 ueually be omitted. 

The Coast Pilot for Alaska (U. S. Coast and Geodetic Survey, 

195.5) prorldea such information as local weather colli it ions and tidal 

currente, in the vicinity or the Alaakan Peninnla and Aleutian Islands. 

Fleming (1955) has revieved the general featurds of the area and has included 

an extenaive bibliography'. 

Figure 1 gives the names of the principal islands and passes 

in the Aleutian chain. The 100, 1000, and 5500 meter iaobatha are also 

In the Bristol Bay region, there is a broad, shallow shelf 

which extends westward of t.lte Pribilof Islands. The too-meter contour ia 

not drawn in the Aleutian region since it nearly coincides with the l,Ooo­

meter contour. 

The Aleutian Islands rise precipitously from depths of greater 

than 7,000 meters in the Aleutian Trench and greater than 3,500 meters 

in the Bering Sea. As may be seen, the l,ooo-meter contour is quite 

cloae to the islands with the exception that at the 180° meridian it 

extends into Bering Sea enclosing Bowers Bank, where .depths of less than 

130 meters are reported. It is noted that on some charts the name 

"Bowers Bank" refers ~ ly to a shallow bank (less than 100 fathoms) 

situated at about 54 25«N., 179°45°Eo 
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Only Amchltka Pass (1790W.) is deep enough to allow exchange 

of waters at depths exceeding 1,000 meters. 

Tidal Currenta 

Tidal cur:rents il'l the region are, according to the Coast Pilot 

(,2E• ~·), ". • • h:J.ghly complex, making generalizations impossible • • • o 

All pusages in the Aleutian Islands have etrong currents. In the narrou 

Akun Strait, the cu:rrent is reported to reach a velocity of 12 knots." 

In southeaatem Bering Sea, north of tJnimak Island, Hebard (1959) 

observed the tidal currents in June, 1957, by means of an Ekman current 

meter, for tvo offshore and two inshore etationa. Measurements were made 

at the surface, top and bottom of the thermocline and the bottom. The 

flow o£ the average current was counter=-clockviae. At the offshore 

(56°56aN., 164°3oow; 57°40QN~ 161°53ow.) stations dextrally rotating tidal 

currents occurred vlth a maximum of between 1.0 and 1.5 knots flowing 

parallel to the coaat. The inshore (56°J70N., 160°590W; 55°400N~, 163°24aw.) 

stations exhibited t•otary tidal currents, with varying degree of roti'ltion; 

the maximum currents were between 0.8 and 1. 7 knots parallel to the coast. 

Weather 

Quoting further from the Coast Pilot& "The weather of the 

Aleutians is characterized by persistently overcast skies, high winde, and 

violent storms. No other area in the wrld is recognized as having tforse 

weather in general th&n that which the Aleutian Islands experience .. " 
, 
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Winds in the Aleutian region are generally influenced by the 

Aleutian Low which fills in during May and gradually loses ita identity 

through June and July. By August the Lov appears in the north Bering Sea~ 

becoming stronger with the winter monthao 

Winds in Mrq have a northwesterly or westerl y component. During 

tbe summer months the previaling winds are from the s outh or aouthwesto 

Evaeration 

Jacoba (1951) has prepared mean charta which shov evaporation in 

the area as being 0=0.05 em/day, for the period June-oAugust. Precipitation 

minu.s evaporation ia shown as about 15 ... 20 cin. for the season. 

Dilution 

Fresh water is also added to the region by runoff and ice melt. 

In Bering Sea; the Yukon and Kuskokwim Rivers, ~d in Bristol Bay, the 

Ugashik, Egegik, Naknek, Kvi,chak and Nushagak Rivera contribute heavily t ·o 

the runoff. On the south central coast of Alaska, the Copper and Susi tna 

Rivera supply much of the fresh water runoff. In addition, there are 

numerous streams and small rivers which add to the net dilution of Bering 

Sea and Subarctic!~ waters. 

Ice breakup in the Nushagak, Kuakokvim and Susitna Rivers begins, 

on the average, early in May-. 

Jl The tenn "SUbarctic waters" is used in this paper to describe that 
portion or the North Pacific Ocean where the salini t;r minimum is at 
the surface. "Subpolar" will inclme Bering Sea, Bristol Ba;r and 
Subarctic North Pacific waters. 



] 

n 
l 
l 
l1 
] 

J 

l 
1 

J 
J 

J 

u 
J 

J 

~ 

J 

1 

5 

Reports Utilizin~ 1957 data 

The looation of the stations used ie show in figure 2. 

Not all of the data from the af'orementioned cruises were utilizede 

Some stations were outside the area under investigation. Other stationE 

were occupied before or after the period of July 19 - August .31. 

Dodimesd (1958) has discussed the 1957 horizontal distt~bution 

of properties in the Gulf of Alaska. He has also described the vertical 

section baaed upon Oshawa stations 16 and 28-37 (see fig. 2)o 

Kitano (19.5'8) has presented horisontal and vertical sectiona 

based on the 1957 cruiae of the Tel?le!!:!::!! and a preliminary r~po11i on 

oceanog.raphic co!lditicma mserved from the MV ill!!' !!;egon and ,!toneez: 

has been presentad by Favorite in INPJ.l"C (19.5'9). Aron (195'9) has utilb.ed 

19.5'7 ... B_rown_ !2! data in a paper dealing with miduater t:rawling in the 

North Paci.ric and. Bering Sea. 

SELECTION OF TlME PERIOD 

Figure 3 is taken from Robinson (19.5'7). The curve shCiiftng 

surface temperature indicates that the rate of change of temperatare .fl'Om 

JUly 20 to Septe:nber 1 is negligibleo Fleming ( 19.5'5) has presented a t.ime­

se·ries cycle of ·t.empel'i1lm"e· representing the degree square .5'2° - 53~, 178°-

179~. The surf1ce temperature peak is shaun as about Auguat 10. 

The ta11peratuzoe..salinity (T ... S) diagrams for several loca;t.ions 

have been presented in nlPFC (1959), mtd are reproduced here as ttgures 

4 to 6o It is ilrnnediately apparent from the diagrams that the period 

ot SUliiJile1" heating ot the atrface waters has continued into late August. 

The surface waters have generally become more dilute as the season 

progreesed. 
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The TeaS diagr&mi!J, then, shaw that for the upper vate1• <:oblllll'l t,he 

vertical and horis•>ntal sections of temperature, salinity, and signu-t ,dll 

include seasonal e:t"fects. Ideally, one would like to be able to re:.;>resent 

the temperature field when the rate of c~e of temperature ia nea"t"ly 

aero for ths time :~riod coveredD 

Changes tn the water colunm below about 300 reaters will b·~ due 

primar:i.J.Y tC'I advection and not to the direct influence of extemal 

processes. Thia ilJ apparent fr001 the temperatm"e cycle shown in fi-rure 3 

which reveals a ca.lSiderable lag in the diffusion of heat from the :IUrface 

to deeper water. 

In conto:lring the various fields it is aa81aed that the 

oceanographic stations were occupied synoptically. In lieu of a sy.aoptic 

aurvey it ie advisable to select a time period when oceanic conditions are 

aa near to being atadona.ry as possible. With regard to temperatur~, the 

period July 19 - Aagust 30 provides the least rate of change. For t.his 

reason same earlie~ data collected by USFWS vessels and the Japanesa 

vessel Oahoro Mu-u vere not used • ................ __ 
Averag~ of Data 

Some atat.iona were occupied several times. Where this occurr~d 

interpolated data .st standard depths were averaged,!/ tl'J~ ~sW. ting values 

being used in the sections. In some inataraces, where the depth of the Nttl&en ________ , _____________ .._ ___ .. , .... ,__ __ , ____ _ 
JJ Temperature and salinity average values wre used to obtain an aver age 

Sig:mEl ... t. 
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bottle casts reached different depths, only the data in the upper lSO=-300 

meters were averaged. 

To remove the undet ermined effects of interval wave acti v:tt;r, 

each station shoul d be occupied more t han once. If data f r om only n few 

stations are averaged, the stations occupi ed onl;r once ui ll, presumnbly', 

ua1.1me more import.Mce thml they should. Taking average values of, tor 

example, surface tanperature at 5.3<>N., 175~., (fig. 4) puts the telllpersture 

in the middle of the upward slope of the time series CUI"'e (fig. J ). If 

the laat station occupied at a given location vere used, fUrther bias would 

be provided because adjacent, single stations ~ have been occupied at 

different timas on tha cyt;le. 

SOURCES OF DATA 

The sourcea; of data utilized, details of salinity analytical 

methods and treatment of data will be found in the references cited in 

table 1. 

CURRENTS 

A8 an int.roduction to thia section a brief' discuasion of the me·~hod 

of detexmining geol!ltrophic currents is presented. The geoatrophic E~quation 

is a familiar one i .n meteorology and oceanography. The assumption is made 

that the magnitude of inertial and frictional forces is much less than the 

magnitude of the hcrizontal. pressure gradient force and the apparent. force 

due to the earth9s rotation (Coriolis force). Oeostrophic velocities and 

transports are calculated from the balance of the latter two forces. 
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Table lo•~Sources of data 

Vessel 
Abbreviation Period Stations Authority (Used in ve:ru (1957) uaed 
tical aectiona) .... 

A btu A - 19 Jul.•23 Aug. 14-34 Favorite and Pedersen (1959a) 

P&r!f30U Pn 21 Jul.-Jl Aug. le2Q n " It " 
Pioneer p 21 Jul.CD Jl Aug. 12-JO It .. • " 
Brown Bear B 9e29 Aug.J 1ll=2)J R. H. Fleming and Staff (1958) - JO Jul.=2 Aug. J5-J7 

Horizon 27 Jul • ..,8 Aug. 6--10 Scripps Ineti tution of Ooean9graph~/ 

Oabawa JO Jul.oll Aug. 14·37 Pacitic Ocean~graphic GrollPG (1957) 

Tenyo~ T l9oJQ Julo 14=42 Hokkaido Regional· Fisheries Laboratory ( 195 

l/ Brown Bear station 16 was omitted in the data report. Prefixes to Brown Bear . station nUIIbers omitted 
- here and in figure 1. 

2/ Manuscript of physical and chemical data collected on the 1-fukluk expedition by Scrippe Ineti tution of - ---··-
Ocemograpby. 
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Charts of the anomal.7 of geopotential topography show geostrophic 

current directions in the form of isolines of dynamic height. The velocities 

are inversel;r proportional to the spacing of the ieolinea, in a narrow 

latitude range. Dynamic he~ht calculations are made tor each oceanographic 

station by integration o.t the ancmal.7 of specific vol1D11e (the difference ot 

the observed volume per unit mass from a unit mass ot vater at 0°0., 

JS0/oo aalinity and at the obse1"9'ed pressure) from a reference level to the 

desired depth. It :ls assumed that motion at the reference level is 

negligible. 

The surface current pattem relative to the JOO decibar 

(appro:x:lmately 300 meters) level is shawn in figure 7. The choice of the 

JOO db. level is not to imply that this is a level ot no motion, but vas 

made beenae not enough stations could be used if' a deeper level were 

selected. A shall<lf.er level would be subject to short term extemal 

infiuencea. As will be shown in a diacussion ot the vertical ai.gma-t 

sections near the ialands there ia a large pl-easure gradient at 300 metere: 

and deeper, ~ich implies considerable motion at the reference level. 

Nevertheless, it is felt that the current directions as shown in the figure 

are representative. The magnitude . of the mean flow (i.e., the spacing of 

the contours) canno·t be considered a very cloee approximation. 

It is apparent that the currents are related to bottom 

topogra}ily. A region bounded by 0.475 dynamic meters lies over the 

Aleutian Trencho The current fioving east, north of Attu and Kiska Islands, 

ia deflected north by Bowers Bank. The currents north and south of the 

Aleutian Islands follow the 1000-meter isobath&. In the vicinity of Unalaska 
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Iale.nd, ·the currents have a northward component. The current charta of 

Bames am Thompaon (1938) and Goodman et al. (1942), show northuard flow 

between the 100 and l()()()..meter isobath• that lie weat of the Pribilot 

Ialmds. 

The westward now along the south of the islands is due 

primarily to surface accumulation of fresh water along the Alaskan 

Peninsula. This now would be analagoua to the estuarine-type circulation 

proposed b;y Tully and Barber (1960). 

The abo7~mentioned relation between surface flow and tha 

Aleutian Trench is only incidental to the current Plttem. I.f the Aleutian 

Trench doea influ~nce circulation in the region this influence is probably 

confined to the deep circulation. 

'l'he atat.icm spacing in the vicinity of Bowers Bank does not allow 

conjecture on the poa~ibility of a leeside wave. Sverdrup et al. (1942) 

have pointed out t.hat the expected defiecticma due to bottan topography 

~ be masked by :synoptic 8\ll'Veys. 

GEOPOTENTIAL HEIGHTS 

In two nter colUI'Il:llS with the same temperature (or salinity) 

distribution, the less saline {or warmer) column will have a highel' steric 

level. The integrated effect of temperature and salinity on Ute potential 

energy distribtltitJn in a water column with reference to an assumed level 

surface is shown by charts of geopotential anomaly. In order to detennine 

the relative influence of either temperature or salinity on steric levels, 

calculations must be made of thermal and haline departures, since the 
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eteric departure from a t'eference eea level is nearly t~qual to the algeb::-aic 

eum of thermal anci baline departures .1/ 
Figure a UOIIIJ the geopotential anomaly' of the isobe.ric sur.taces 

relative to the 1000 db. level along 17~. longitude. The range of the 

isobaric levele ia indicated by vertical linea. If one considers the 

surface isobaric level from 50° - 51°300 N. and from 5.3° - 54°300 N. the 

average dynamic level north of the ialam ia higher thnn to the south, 

approximately 1.065 versus 1.010 dyn. m. 

The average dynamic height at 51°)00 !J. is Oe064 dyn. m. greater 

than at 5Jotl. Aeauming similar atmospheric pressure cc·nditiona on both 

aides of the island, there is inferred a difference in sea level of about 

6 geometric em., the water column south of the ialanda being higbe r than 

to the north. Whether or not this condition obtains closer inshore can 

only be established through precise levelling. 

Figure 9 sha~~s the surfaces relative to 800 db. The large 

variations in the vicinity of Amchitka Pass have been interpreted in 

.figure 7 as iaolat-sd cella. 

J/ - Patullo, et al., (1955) define the therrnal(Zt} e.nd haline (Z8 ) 
departures as followaa 

Zt a g·l \Po t.o< ATdp 
fta TT 

Z8 e g·ls:: ~ ASdP, 
Tlhere 

0( e specific volume anomaly, 
T,S & temperature, salinity, respectively, 

g w acceleration due to gravity, 

and the integration is from atmospheric Jre&Sure to a pressure where 
all seasonal effects are assuned to vanish. · 
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The meridions.l isobaric surfaces along 17SOW. are shown in 

figure lOa The situation adjacent to the islands ia the reverse of that 

along 17.5~. The dynamio level at S2°JOO H. ia 10.9 dyn. em. greater 

than at .51°]09 N. 

Aa in the vertical sections of salinity and sigma--t, the 

geopotential sections bring out the fact that dilution in Bering Sea 

decreases westward, and that the Aleutian chain acta u a barrier 

separating the aaline5/waters of the Pacific OCean from the Bering Sea. 

The effect of co~r temperature in reducing steric levels increases 

westward. 'lhia 111 ohown along 175~. longitude. At .51°JOON. and SJotl., 

the ·salinity distribution in the water colUIIll'lS is nearly the same but 

the steric level south of the Aleutian ridge is greater than north of it. 

LATERAL DISTRIBUTION OF SIDMA•T 

Charta showing the vlMriationa with depth of a particular value 

of aigma .. t provide a threemdimensional view of subsurface circulation, 

in that currents tend to be parallel to iaolinea of sigma-t. Lateral 

mixing of greatest intensity takes place in the surface of constant 

potential density..V and the flov patterns are more stable and simpler 

than those on a horizontal surface (Montgomery, 1938) . 

4/ - The tenus "saline" and "fresh" vill be used to mean "relatively­
saline" and "relatively fresh". 

Sigma..t "'eft e 103(apecif'lc gravity -1). A aigr.1a-t surface is one 
of approximB.tely constant potential density in the upper 1000 meters. 
Isentropic analysis refers· to changes of properties on surfaces of 
constant entropy or sigma-t surfaces. 
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Near the islands ed in the :l sland passes, non-isentropic mixing o(:curs 

and the principles of isentropic analysis do not apply. In the use of 

isentropic analysis, one assumes that the effects of viscoait,y and vertical 

diffusion are negligible$ 

The reader should keep in mind that looking downstream the 

sigma=t surface deepens to the obBGrvero s right (in the Northern 

Hemisphere). 

Figures 11 and 12 show the depth of, and salinity on, the 26.0 

sigma-t surface. Immediately south of the islands at about 1650W. , there 

is a tongue (100 meters) that flon along the south of the isl ands becoming 

shallower to the west. 

There is a shallow (leas than 25 meter) layer surrounding the 

islands from about 1710W. to 170~. The aigma-t curves indicate a movement 
• 

ofw&er through Amchitka Pass into the Bering Sea, although this is a 

region of non-isentropic mixing. 

In the Bering Sea, the depth of the surface decreases northward 

to 2S meters. The cell of greater than 50 meters at l730Wo is based on a 

s ingle observation of 70 meters. 

Fig'dl"ea 13 and 14 show the depth of, and salinity distribution on, 

the 26.5 sigma-t surface. This surface deepens rapidly when one approaches 

t he i slands from the south. The depth chart indicates that between 125·150 

meters there is a steady motion that sweeps the entire length of the 

Aleutian Chain. Again, there is a ridge extending east-vest bounded by the 

125 meter contour. In the eaatem part of the figure the ridge penetrates 

into the upper 100 meters. 
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Several anticyclonic cell:J *U"R prezent near -c.tw isltmdo,. anc1 ~ 

ai.ngle large cyclonic cell is sitmted to the oast. 

In the Bering Sea, ths depti1 of the uurtac:e docr.eues to thE: 

The salinity diatributioo. on this autofuce implies a reg:l.on of 

d:tacontinuity at about 51~ .. , l72C:Wo This d1&.'1ontinuity 1a Jl1"eaent. also 

o:t the 26.0 aigml .... t aur.fo.ce, but i'artltm• to th.; uest. ~h~ depth ci.18.rt, for 

the 26.$ s1gma .... t surf~c:e sh<niS an int::-usion or ~ter from the south tl-.at 

C()uld account for thi.a discon't,inu'lty. 

.Figure 15 shaw the depth o;t the 27 .o fsigroa•t uurf'acc. The 

salinity vviaticm on this surface vao too alight to pel!'tt&t contom-ing. 

011ee ago.in the e:f.gma-t isolines are continuous along the J.leutian Chain. 

On}3 on the 26oO sigma•t surface \1'88 there any indication of movement into 

Beril;lg Sea. No ooubt. there is m~re e-.cchange than is here indicated, but 

~1e stations in Rnd near the passes a~ not ~ed closely enough ~o 

aottle this qaGation. 

Figtll"es 16 to 19 show the tam.perature distribution at o, 100, 300, 

and 500 meters,. :zoespeatively. ·'. 
' . (' =· 

Figure 16, sur.f,aae tempe:-a.tlll'e'·j, . i~ der.:lved from hydrographic 
. . ' ·~~· ... ., . { .. 

and bathythermogt<ap'h da~. Due to int!~ris~ .. ':vert~ical ' m:bdng :i.n the upper 

l!lyers, the entire island chain i(.s~~ · ~· s'it:~ted 1-n coldere/ wu.tera 
..:: .... S' ~ 

·ttl8Il in the Bering Sea or Pacif:L~ ·Ocean. This kind of "upwelling" must be 
' . 

------------------------------~·--------------------------~~-------§I The ·i:.erms ncoldn and t'lwarmn will be used to mean "rslati ve}¥ coldn 
and "relatively warm" o 
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ascribed to tidal mixing rather than to vind stress associated vith 

"classical upwelling." 

The temperature distribution at 100 meters (fig. 17) differs 

from the surface distribution in one maj.or reapect. Here most ot the 

Aleutian Islands are banded by V81'rll (greater than 5.0°C.) water and the 

temperature d~reaaes to the north and south. This is the result of the 

downward curvature of the isotherms at shallow depths near the land muses. 

At about 5o<>tl., 17.$0W., there is a break in the leas than 4.0°0. band 

extending east-vest. As mentioned before, there 1a an indication that this 

discontinuity has been produced by advection from the south. 

Figure 18 shows the temperature distribution at 300 meters. Once 

again the deeper waters are shown u being warm (greater than 4.0°C.) about 

the Aleutian Islands. The contour of 4.250 C. is drawn south of the islands 

east of 178'\J., but it is possibl e, had there been more data to the north, 

that this isotherm could have been drawn so as to enclose the islands. 

The deepest horizontal section ot temperature is at 500 meters 

(fig. 19). The islands are shown as being surroutxied in a broad band of 

0 3.5 C. water. There are several cells drawn, based mostly on single 

observations. 

HORIZONTAL DISTRIBUTION OF SALINITY 

The horizontal· distribution of salinity- at o, 10, 100, 300, and 

500 meters is shown in figures 20 to 24, respectively. 

The surface salinity chart (fig. 20),constructed from hydrographic 

and bathythermograph station shova a dilute tongue or water sweeping south 

of the islands. ~is tongue originates from runoff' from the Alaska Peninsula 

and south coast of Alaska. Another tongue, of the same origin, is shown 
88 

moving south along 162'\1. In the eastem part of the figure there is a 
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salinity ridge of 32.8 °/oo and a cell of lesa than 32.8 °/oo within this 

ridge. North of Unimak Ialand there is a salinity gradient directed into 

Bristol Bq ~ Here ice-melt and river runoff are responsible for the dilution. 

The aalil'lity diatribution at 10 meters (fig. 21) is based on 

considerably fewer observations than at the surface. The same general 

features are present, honver. The tongues originating near the Al8.8ka 

Peninaula show fresh water moving to the south of the islands and a 

protrusion to the :southwest. The directj.on of the secondar,y (i.e., southtff;'st 

p~trusion) tongue has changed and the gradients associated with both tongues 

have decreased in magnitude. The Bristol Bay gradient is present at 10 

metera but the iaobalines terminate on the northem side of the islands, 

while the surface :isohalines were sh01m u connecting through the passes. 

The veatem Bering Sea salinity distribution is euentiall.y the 

satee at 10 meters as at the surface. The 33.0 °/oo isohaline encloses 

about the same area at both depths. 

The chart of salinity at 100 meters (fig. 22) includes the 

33.3 °/oo isohaline to show the salinity range in the westem Bering Sea. 

The dilutle tongue aouth of Unimak Island is present at this depth, but the 

secondary tongue baa disappeared. A ridge bounded by the 33.2 O/oo isohaline 

is present .as far west as 1750Wo, and two elongated cells (33.4 °/oo) are 

shown within the ridge. In the eastem part of the ridge, another cell 

(33o4 °/oo) is shown. Dodimead (1958) shows this cell extending as far as 

55~o' l480W. 

Figure 23 shows salinity at 300 meters. The nunber of stations 

is reduced because some casts did not reach this depth. The islands are 

shown as lying in a trough of leas than 33.8 °/oo, the result of deepening 

of the isohalines near the islandso 
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The 500 111eter section (fig. 24) shovs again the east-vest 

discontinuity of the 34.2 °/oo ridge; the 300 meter chart shows the ridge 

(34.0 °/oo) aa diaoontinuous near 178° W. The islands are show aa 1n a 

trough of leu than 34.0 O/oo. Salinity in the Bering Sea increases to the 

weat, whereu at 300 metera the increase is in a northwesterly direction. 

VERTICAL DISTRIBUTION OF SIDMA•T 

Figure 25 s1gma-t along 175° E., shows the isopletha aa connecting 

over the submerged ridge (140 meters deep). Approaching the r-ldge froot the 

south, the 26.6 isopleth sinks, then rises. The 26.4 isopleth and those 

above abov no apparent influence of bottom features. Below 100 meters, the 

slope of the ieopletha is greater to the south of the pass thalt to the north. 

The chart of g"opotential topography (fig. 7) reflects this slope in that 

there is indicated a relatively swift current to the south. 

Along 179° W. (fig. 26), the depth through .Amchitka Pass exceeds 

1000 meters. The .. Brown....,. .. ~ stations (3, 4, 5, 7, 12, 13) indicate a deep 

anticyclonic motion. '!'he slopes of the isopletha IDlV' be considerably 

exaggerated since data from the Jewo !!!£! and Brown ~ are incorporated 

in this section, and since the longitude 179° w. is not that at which some 

of the stations lieo 

The seat~~on through Atka Pass is shown in figure 27. The volume 

transport through this pass ia, of course, quite restricted since the depth 

is about 25 meters. '!'here is sane exchange indicated by the connection or 

isopleth& through this pasao Below 100 meters, the isopleths are deeper 

than those in Subm"Ctic waters. Consequently, the dynamic height in Berir'.g 

Sea is higher, as was mentioned beforeo Here, as along 179° W., the dilute 

tongue south of the islands is in evidence o The surf'ace values of o~-t 
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The depth or Amukta Pan 18 380 metera (fig. 28). The 21.0 

isopleth is shown u ainking into the ridge on both aides of the pass. 

At 51°50 N., there ~ an unstableZ/layer indicated in the upper 30 meters, 

and in the upper 20 meters at 5J0 200N. !he dilute tongue in Subarctic 

•ters is again in evidence to about 100 meters. Below 100 meters the 

Bering Sea isopletha are deeper than in Subarctic water. 

The shallow vatera of Bristol Bq cannect with Subarctic water 

through tlftin&ak Pasa along 165° w. (fig. 29). Thompson and Van Cleve (1936) 

have reported recoveries ot drift bottles mich had presumably drifted 

into Brletol Bq via Unimak Pass. 

1/ The expression for stability in the upper 100 meters 1a given b7 

E • (lo-3) ~' where E is stability and z is depth. 

A negative E means instability. · 
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VERTICAL DISTRIBUTION OF SALINITY 

Figures 30 to 34 show the vertical sections of salinity corresponding 

to the sigma-t sections. Since the isopleths of salinity and sigma··t take 

nearly the same course only small details would be inc looed in a separate 

discussion of the salinit,y sections. 

In the upper 100 meters, the isohalinea .bend toward the sea 

surface in the vicinit,y of the islands. Below 100 meters the isohalines 

deepen toward the submerged land masses. The isohalines in tbe Bering Sea 

are deeper than their counterparts in the Pacific Ocean, the difference in 

depth increasing toward the east. The 33.2 °/oo isohaline is shQim aa a 

continuous line along all longitudes except 1650W., where the 32.6 °/oo 

isohaline extends only into Unimak Pass. 

BATH!THERMOORAPH SECTIONS 

. 6' Bathythermograph :::.t (BT) sections are shown in figures 35 to 55. 

A detailed diacussion of the individual BT sections will not be given here; 

rather, the main features will be outlined. 

Stommel (1956) has pointed out that when temperature is not a 

monotonic function of depth, the interpretation involved in drawing 

isotherms through maxima and minima can be ambiguous. This is true where 

8 I The accuracy of the BT ia about ~ 3 meters ( 275 meter cast and about 
:::/ 0 ) --c-0.2 Co -
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temperature 1nveraiona occur in isolated cases. It is a characteristic of 

Subpolar vatel'll that a temperature minimum 1a found at depths ranging trom 

SO to lSO meters, and there 18 no Ulbiguity interred 1n this widespread 

phenoaMmon. 

Uda {193)) baa applied the name "dichothemal• to the inversion 

~r. The tellp8ratare iuersion bel011 the mini.JIIum he baa called •mesothermal..• 

Ill the Bf aectiou, the dichothel"'l&l l.qer 18 bozded by the 

3.0° - 4.o0c. isothems. The minimlllll temperature 1n tbe layer rangea trom 

about l.SO c. to 3.8° c. Along 17~., the dicbothermal structure is 

shown u reaching its southem. limit at about S0°30&N. {tig. 41). 

Associated with the dbhothermal structure 1a a halocline, through which 

stability is maintained in the dichothel'mal. layer. 

ligures 3$-40 · ahov thermocline developnent along 17SOE. In 

t'igures JS-36, no thermocline is present but by July 22-27 {fig. 37), the 

themocline is ehovn at about lD-20 metel'll. B;y late Jul7 {fig. 38), the 

themocline depth is 20.25 meters. In figure 39 the tbemocline is shown 

as approaching the surface in the vicinity of' the pass, but in figure 40 

this feature ia not present. 

Figures 41-48 show the develo)Jilent of the thermocline along 

1750W. In figures 41-42 the thermocline is as yet unformed, but figure 43 

( Jtme )O.July S) shova that the temperature gradient between 3Q...60 meters 

baa increased. In figure 44 (July 16-20) the thennocline is well developed, 

and by the third week in J uly and through August (fig. 4.5-48) reaches its 

maximum gradient in temperature across the thermocline layer and its 

maximum depth (3D-35 Meters). In figures 45 and 48, the iaothemal layer 

over Atka Pass indicates t hat tidal mixing is effective throughout the 

water column. 
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Figures 49=53 show the temperature dil!Jtribution along 16~1 
'W. 

In f'igur<a 49 the warm (graa1er trum ll.0°C.) dilute tongue 1a clear~r in 

e-t•idenceo Warm (greater than 5.0°C.) water is shawn u lying between 

120...175 meters next to the submerged lalld l!lUIS. The etf'ect of tidal mixing 

is present between 54° ... 5SOU., and C:told (less than 2.5°C.) water or Bristol 

bq origin ia ahow between 55°JOO .., 560U. 

Single aectiOlUI along 162°3oow. and 160<»ti. are ahotm in figures 

54 and 55 respectively. In .figure 54 (August 22 ... 23), the warm vate2" of 

Gul£ of Alaaka origin 18 not present aa a vell-defined wedge, but the 

12°C. isotherm is at depths of about 15 meters. Figure 55 (July 14··19) 

ahovs the core (greater than 10°C.) as lying between 53° co 54°JOIIN. 

BTO a 61 ... 62 indicate warm ( 5°C.) water at depths of over 200 meters n.ear 

the island .. 

The annual cycle of temperature (fig. 3) indicates that in 

February the surface waters down to 300 feet (91 meters) are isothemal, 

about J8.1°F. (3.4°C.). The 400cfoot (122 meter) curve shows that water 

at this depth is about 39.1'7. (J.~C .. ). 

The J.4°c. surface layer temperature is cold enough to account 

for most of the dichothemal layer in the Pe.cUic Ocean; that is, presuming 

overturn of these waters. This process o£ overtum, hor.iever, is prrlbably 

continuous once cooling begins. 

Advection o£ cold Oyaahio water contributes to the dichothemal 

structure, but overtum is the Jnain source in the Pacific Ocean and 

Bering Sea aa discussed below. 
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SVerdrup, et a1Q (1942, p. 732) suggest that in the Subarctic 

region the temperature minimum represent. the depth or winter convection 

currents. Doe (1955) and Dodimead (1958) have also related the dichotherma1 

la;yer to winter cooling and overtum. Baaed on data from weather station 

PAPA (50~., 1450W. ) , Dodimead found that surface cooling in February, 1957, 

vaa leas than in the previous winter. He totmd that in the Gulf of Alaska 

region the minimum temperatures were about 0.5°C. less in August, 1956, than 

1957. Bennett (1959) has .presented charts of the depth of minimlllll temperature 

for August, 19.55, in the Gulf of Alaska. The isotherm pa.ttema for the 

temperature minimum structure are closely similar to the surtace geostrophic 

current pattem for the eume period. 

Graphical subtraction of BT temperature sections (not shaun) 

reveals that, with the procession ot Slllllllel; cold water advection occurs in 

both the Pacific Ocean and Bering Sea dichothermal structure. 

SUMMARY 

It has been shown by others that the SUbpolar region is one of 

net dilution. Dilution of the surface waters by runoff continues past the 

time period included in this report. Sur.face temperature increased into 

late August. 

It is shovn that the geostrophic assumption is not a close 

approximation near the islands since the pressure gre.dient is not vanishing 

at depth. East of Amchitka Pus~ the steric level north of the Aleutian 

Islands is greater than on the Pacific Ocean side. Major water exchange is 

through Amchitka Pass and between Attu and Kiska Islends, vith the direction 

of now being into Bering Sea. 
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In t he upper 50 and 100 met ers, the isotherms and isohalines, 

reopecti vely, app1ooach the aur.face near the islands. Below these depths 

they bend dom. The aurfa'=e tlamperatUI'e chart pictures the iele.nda .'!a 

lying in cold water, the result of tidal mixing in the ~taaes and around 

the islands. Below 100 meters the islands are shown u lying in warm 

waters. 

The dichothemal. atnctm-e is present in the Bering Sea and 

Pacific Ocean. The temperaturi~G in the dichothermal layer can be accounted 

for by overturn ot -..~ter-cooled surface water. AdVection also oontiributes 

to the cold vatem of the inversion l~r. The themocline begins to form 

in late June, and by the third week in July is well developed. 
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Figure 39·--Batbythermograph (M, °C.) section along 
175~. longitude, MV Pioneer, 
August 9-14, 1957· Br 173-196. 
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Figure 40.--Batbythermograph (M, 0c.) section along 
175~. longitude, MV Pioneer, 
August 14-20, 1957. Br 193-212. 
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Figure 41.--Bathythermograph (M, 0c.) sect~on along 
1750W. longitude, MV Attu, 
May 27 - June 1, 1957:--BT 1-15. 
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Figure 42.--Bathythermograph (M, OC.) section along 
1750W. longitude, MV Attu, 
June 7-8 (BT 16-20), June 14-15 
( BT 21-29), 1957 
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Figure 43.--Batbythermograph (M, OC.) section along 
l750W. longitude, MV Pioneer, 
June 30-July 5, 1957. BT 62-76. 
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Figure 44.--Batbythermograph (M, OC.) section along 
1750W. longitude, MV Pioneer, 
July 16-20, 1957. BT 96-lll. 
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Figure 45.--Batbythermograph (M, OC.) section along 
1750W. longitude, MV Paragon, 
July 22-27' 1957. Bl' 45-64. 
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Figure 47.--Bathythermograph (M, OC.) section along 
l750W. longitude, MV Paragon, 
August 12-15, 1957· BT 103-115. 
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Figure 53·--Bathythermograph (M, °C.) section along 
1650W. longitude, MV Attu, 
August 15-20, 1957· BT 161-180. 
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Figure 54---Bathythermograph (M, 0 c.) section along 
162° 30'W. longitude, MV Attu, 
August 22-23, 1957. BT 185-193· 
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